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The rapidly developing field of spin electronics embodies the notion of synergetic and multifunctional use of charge and spin dynamics of electrons, aiming to transcend the traditional dichotomy of semiconductor electronics and magnetic storage technology. 1 Such new functionalities require new materials encompassing both semiconducting and magnetic properties as vehicles to implement novel device concepts. An important approach to the development of such new materials is to examine the possibility of magnetizing a functional non-magnetic host by dilute magnetic-impurity doping which allows the host to retain its other desirable properties. 2 The corresponding materials are classified as diluted magnetic semiconductors (DMS). Considerable success has been achieved in this direction in the domain of III-V and group IV semiconductors [3] [4] [5] , with some recent success reported in oxide-based systems [6] [7] [8] [9] [10] [11] . Unfortunately in the case of many systems, researchers have not yet been able to completely rule out the possibilities of extrinsic effects such as dopant clustering, impurity magnetic phases etc. 12, 13 , and it has not always been clear that the reported DMS ferromagnetism is indeed induced by the carriers.
It is generally suggested that any new material must satisfy three specific tests to qualify as an intrinsic (carrier-induced, uniformly dispersed dopants) diluted ferromagnetic system: Observation of a) Anomalous Hall effect (AHE) 14, 15 suggested to yield uniform matrix incorporation of cobalt. We should however like to point out that the corresponding material is insulating in nature.
The sample structure employed in this study is shown in the inset in Fig.1 . The basic methods of growing and testing such heterostructure devices are similar to those used in our previous studies on manganites [23] [24] [25] [26] The choice of the growth conditions for Co:TiO 2 was guided by the need to achieve a potentially intrinsic DMS system without major concerns about clustering of the dopant that are widely debated in the literature. Shinde et al. 7 showed that high temperature annealing of anatase Co:TiO 2 grown at 700 0 C, dissolves the cobalt clusters formed in the as-grown films. Taking a cue from this observation, films were directly grown at a higher substrate temperature (875°C) and examined by various techniques to study lattice parameter relaxation due to dopant incorporation, high resolution planar and cross-section transmission electron microscopy to view possible cluster signatures etc.
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The lattice parameter enhancement was found to be similar to that realized in annealed film under cobalt incorporation. No cluster signatures could be noted from TEM studies.
The details of this work will be published separately. 27 The crystallinity and crystallographic orientation of the grown films were studied by X-ray diffraction (XRD) and transmission electron microcopy (TEM). From a XRD θ- between them. We note that magnetic force microscopy images for the films were mostly featureless with weak domain-like contrast possibly due to net weak magnetization.
Occasional nanometer scale local dipole signatures could also be seen, which could arise due to surface topology defects or a local magnetic phase. Chambers et al. 28 have attributed the dipoles seen in their films to CoTiO 3 type ferromagnetic complexes. If we liberally calculate the concentration of such defects and attribute them entirely to such magnetic complexes 27 , it still leads to ~ 4% cobalt dispersed uniformly in the matrix. magnetization value of about 100 µemu (squares in Fig.3 ). Then the PZT was negatively poled and the magnetization was measured again. The saturation magnetization value dropped to about 85 µemu (up-triangles in Fig. 3 ). After the PZT was poled by a plus voltage again, the saturation magnetization value went back to its initial value of 100
µemu (down-triangles in Fig. 3) . After a second negative poling, the magnetization value dropped again to 87 µemu as shown by the circles in Fig.3 . The saturation magnetization value as a function of applied voltage is plotted in the lower inset in Fig. 3 . It is very clear that there are two stable states with a difference of about 15% in the magnetization of Co:TiO 2 and they can be switched by switching the polarization states of PZT.
The magnetization of the Co:TiO 2 film was also measured as a function of temperature as shown in Fig.4 . The squares and up-triangles represent the data measured after a positive and a negative poling, respectively. In a large temperature range (150K -400K), the difference between the two magnetization states persists at around 15% which is consistent with the hysteresis measurement at room temperature. The magnetization jump below 150K in the both curves is because of the magnetization of the SRO layer, 30 . We believe that our insulating Co:TiO 2 system manifesting the electric field modulated ferromagnetism could actually be a combination of these two percolation scenarios.
In the polaron percolation picture 29 , each local magnetic moment (the local moment bound to carriers) is the effective magnetic polaron and the whole system is a collection of a random distribution of these polarons. At T C , the bound magnetic polarons form a percolating path leading to global ferromagnetism. (The magnetic percolation does not imply transport percolation since each polaron is strongly localized). Subjecting 9 such a system to strong external electric field could lead to electric dipolar distortion of the magnetic polaron with attendant distortion of the shape of the corresponding wave function and field driven redistribution effects. The corresponding changes in the geometry of the percolation network should change the magnetic moment of such a system.
In the model suggested by Coey et al. 30 , the reason for ferromagnetism in some of these dilutely doped compounds is envisioned to be due the F-center exchange (FCE).
As a lower valent cation (Co The inset is the schematic structure of the sample. 
